The experiment was conducted in a herd of high-producing Holstein-Friesian cows, using the AfiFarm Herd Management Software, to analyze their locomotor activity during 236 oestruses in relation to the daily milk yield determined during the periooestrous period in four successive production and reproductive cycles. Day "0" was the day of the observed oestrus. Locomotor activity and milk production levels were monitored five days before and five days after oestrus. A correlation was noted between high milk yield and the reproductive performance of cows. An increase in milk yield was accompanied by extended inter-pregnancy and inter-calving intervals and a drop in the insemination index which also tended to decrease in multiparous cows. Primiparous and the highest-yielding cows were characterized by the highest levels of locomotor activity. The physical activity of cows increased by around 67% during oestrus. However, daily milk yield declined at oestrus, compared with the average milk production levels determined five days before and five days after oestrus in each lactation. The installation of pedometers supported the detection of oestrus, including silent oestrus, in dairy cows, and the AfiFarm system was found to be an effective tool for dairy farming and herd management.
hours. The first signs of oestrus can be observed at night or early in the morning, and it becomes intensified within the next few hours. The onset of oestrus is often difficult to recognize. Cows do not always exhibit external signs of heat, which is why oestrus may pass unnoticed. Errors in oestrus detection lead to the loss of ejaculate portion, extended inter-pregnancy and intercalving intervals and prolonged lactation (Butler 2000 , Stevenson 2001 , Galligan 2005 , Małecki-Tepicht et al. 2005 , Zduńczyk et al. 2005 , Lach 2007 ).
There is a negative correlation between milk production and fertility in dairy cows (Whitaker et al. 2005 ). An increase in milk yield is accompanied by a decrease in the percentage of cows that become pregnant at first insemination, and by a high incidence of silent heat (Sawa et al. 2002 ), which is not caused by disorders in the reproductive cycle, but is defined as the lack of behavioural oestrus symptoms detectable by herdsmen (Zduńczyk et al. 2005) . The risk of silent heat is associated with nutritional, vitamin (A and B), carotene and mineral (iodine, phosphorus, copper) deficiencies, inadequate housing conditions, age, season, high milk production levels and stress exposure (Małecki-Tepicht et al. 2005 , Jaśkowski et al. 2006 . The frequency of silent oestrus in dairy herds ranges from 10% to 40%. Approximately 50% of cows that fail to show visible signs of oestrus within 60 days of calving are considered to have silent heat (Max 1990) .
Advanced herd management software is increasingly used to improve the efficiency of oestrus detection in large free-stall-housed dairy herds. The following computer-assisted systems are most popular in Poland: DeLaval ALPRO system (Szlachta 2008) , Westfalia Surge Dairy Plan 5 system (Szlachta 2006) and AfiFarm system developed by SAE Afikim (Szlachta 2007) . The above systems offer complete control over the herd, including physical activity monitoring with the use of pedometers (attached to the cow's leg) and activity meters (attached to the cow's neck) that track the animals' movements. Real time information on the locomotor activity of cows, measured as the number of steps per hour, is stored in a computer database. The number of steps taken per hour by cows at the time of oestrus is three-to four-fold higher, compared with the luteal phase of the oestrous cycle (Mordak 2008) . The collected data are analyzed by comparing them with the individual behavior pattern of each cow (Szlachta 2006) , since animals differ significantly with respect to their normal daily physical activity. In one cow, a several percent increase in walking activity may indicate oestrus, while in another a substantially higher increase in pedometer-measured activity may be noted in the absence of oestrus. Pedometer data cannot replace human observation, and the readings should be always verified by a trained inseminator prior to making final insemination decisions (Krzyś and Kinal 2008) . Another parameter recorded by herd management systems is a decrease in milk productivity, which usually accompanies increased physical activity in cows, thus supporting accurate prediction of the onset of oestrus.
The objective of the study was to analyze the locomotor activity of cows, with the use of AfiFarm pedometers, as related to daily milk yield determined during the perioestrous period in four successive production and reproductive cycles.
MATERIALS ANd METHOdS
The experiment was conducted in a herd of highproducing Holstein-Friesian cows. In which the average milk yield per cow over a 305-day lactation in 2008 was 8975 kg. The locomotor activity of cows and daily milk yield were determined during the perioestrous period in four successive lactations. A total of 236 oestruses were analyzed.
Locomotor activity was recorded using pedometers strapped on the right front leg of each cow. The walking activity of cows, i.e. the total number of steps taken per hour, was analyzed each day during milking. The daily analysis of pedometer data allowed the maintenance of a balance between short-term and long-term breeding strategies and solutions. Archival data were also used in the study. Day "0" was the day of the observed oestrus, and locomotor activity and milk production levels were monitored five days before and five days after oestrus.
The animals were kept in a free-stall barn, and were fed a total mixed ration (TMR). The analyzed cows were milked three times a day in a 2*7 herringbone milking parlor equipped with the AfiFarm system. The artificial insemination of cows and heifers was carried out by a qualified inseminator.
Daily milk yield (kg) was monitored in successive lactations, on successive days before oestrus, on the day of oestrus and on successive days after oestrus. An average decrease in daily milk yield (%) on the day of oestrus was calculated in relation to the values recorded during the fiveday pre-oestrus period. The length of lactations (days) and milk yield (kg) in successive full lactations were also determined.
The reproductive performance of cows was evaluated based on selected fertility indicators, including age at first calving, the length of inter-calving intervals (ICI), the length of interpregnancy intervals (IPI), the insemination index after successive calvings and success at first insemination.
RESuLTS ANd dISCuSSION
Integrated dairy herd management systems enable the user to closely monitor each individual cow. The systems process data on, for example, milk production, the electrical conductivity of milk and the walking activity of cows, which allows the identification of cows that require special attention. Information on the locomotor activity of cows may be combined with nutritional data and milk yield records to detect cows in heat, usually characterized by increased activity, reduced productivity and lower feed consumption levels.
In the present study, the average age of the Holstein-Friesian cows at first calving was 789 days (26 months) ( Table 1 ). The heifers were developed to calve in adequate bodily condition. Early calving leads to a milk yield decrease in the first lactation and reduces the lifetime performance of dairy cows, which is reflected in a decrease in milk production per day of life, a shorter productive life and high calf mortality rates Hibner 2000a, Sawa et al. 2007 ). According to Juszczak et al. (1994) , late calving heifers produce a higher milk yield, but increased milk production is accompanied by an extended inter-calving interval and a decrease in the number of calves born. Table 1 presents selected parameters of the reproductive performance of cows in successive lactations. Each of the lactations analyzed was longer than the standard 305 days. The first lasted 333 days on average, with an average milk yield of 6,918 kg (305 days) and 7,610 kg (333 days). The length of the second lactation was 360 days, and the average milk yield was highest over this lactation, at 9,146 kg (305 days) and 10,061 kg (360 days). The third lactation was longer than the second lactation (365 days), but milk yield decreased by 176 kg and 193 kg, respectively. The fourth lactation was the longest (378 days), with an average milk yield of 8,831 kg (305 days) and 9,714 kg (378 days).
Extended inter-calving intervals resulted in prolonged lactation (Table 1) . Older cows were characterized by longer inter-calving intervals and the length of inter-pregnancy intervals also varied widely. The shortest inter-pregnancy interval (112 days) was noted in primiparous cows, and it extended in successive lactations, to reach 153 days in the fourth lactation. In a study by Gil et al. (2007) , milk yield had a significant effect on the length of inter-pregnancy intervals which extended with an increase in milk production. In the present experiment, the lowest amount of milk (7610) was produced over the shortest ICI (390 days). In successive lactations, milk yield increased to approximately 9,700-10,000 kg and ICI extended to 418-436 days.
Until quite recently, a standardized intercalving interval of 360 to 400 days was typically used in the profitability analysis of dairy cattle (Juszczak and Hibner 2000a) . Hibner et al. (1999) demonstrated that reproductive disorders in cows could be linked to high milk production. Thus, it seems advisable to extend the production cycle to 15-18 months, so as to maintain high productivity in the lactating cows and ensure a smooth transition from peak milk yield to drying-off . Extended inter-calving intervals contribute to the effective use of the production potential of high-yielding cows during longer lactations. This is typically observed in purebred Holstein-Friesian cattle and in crossbreeds with a high proportion of HF genes. However, Sawa et al. (2007) reported that the first inter-calving interval longer than 490 days had an adverse effect on the lifetime productivity of cows, particularly with regard to the number of calvings and the number of calves born alive. Cows whose first inter-calving interval lasted from 461 to 490 days were characterized by high longevity, a long productive life and high lifetime milk yields. Kvapilik et al. (2009) state that good fertility corresponds to an insemination index of 1.5. The insemination index informs us how many semen doses are needed per successful conception. The optimal value of this index is up to 1.6 (Litwińczuk et al. 1999) . As shown in Table 1 , the insemination index was least satisfactory in cows in their fourth lactation. In this group of cows, an average of two semen doses (2.18) was required per successful conception. A high insemination index resulted in low success at first insemination, in particular in the fourth reproductive cycle. In all analyzed lactations, insemination was most effective in the third and fourth oestrus. Litwińczuk et al. (2004) found that the number of inseminations per successful conception increased (from 1.86 to 2.08) along with an increase in milk yield. In a study by Januś and Borkowska (2006) , 2.05 semen doses were needed per conception, and cows conceived by 146 days postpartum, which means that they had an intercalving interval of 424 days. A higher value of the insemination index (2.77) in cows producing more than 7,000 kg milk was noted by Gil et al. (2007) . Sawa et al. (2002) reported that the insemination index reached 2.00 when milk yield per lactation exceeded 8,000 kg.
Success rates at first insemination reached 64.7%, 70.58%, 47.05% and 34.29% in the first, second, third and fourth lactation, respectively (Table 1) . The low success rates noted in the third and fourth lactation point to conception problems in older high-producing cows. Some of the cows had to be inseminated four or five times. This could be due to energy deficiency in the ration at the peak of lactation when cows are subjected to artificial insemination.
The index of insemination and success rates at first insemination, given in Table 1 , show that intermittent infertility problems are more frequently encountered in older high-producing cows. Reproductive problems are manifested in extended inter-pregnancy and inter-calving intervals (Miciński 2009 ). Marsalek et al. (2008) found that an increase in milk yield from less than 7000 kg to more than 8000 kg led to an increase in the inter-pregnancy interval from 154.26 to 171.48 days. Sawa et al. (2004) and Strzałkowska et al. (2004) studied milk yield per lactation and cow fertility and found that highproducing cows need inter pregnancy intervals of at least 100-120 days. According to and Miciński (2009) , high-yielding cows have an extended interval from calving until the first oestrus, due to energy deficiency in the period of increased milk production. The return to normal sexual activity after calving requires an adequate dietary energy supply, but, after parturition, nutrients are used for milk production rather than for inducing the oestrous cycle, and selection for high milk yield results in lower fertility, leading to extended inter-calving intervals (Kowalski and Kamiński 2000) .
In many dairy cattle herds attempts are made at early postpartum insemination in order to achieve an optimal average inter-calving interval (Juszczak and Hibner 2000b) . In a study by Gil et al. (2007) , the longest and shortest inter-pregnancy in interval was 90 and 175 days respectively, and the average length of four successive interpregnancy intervals reached 151 days. Juszczak and Hibner (2000a) demonstrated that the length of productive life decreased rapidly in cows that become pregnant within 60 days after calvingit reached the highest value in cows inseminated between 60 and 120 days postpartum, and then declined again.
Researchers and producers are divided in their opinions as to whether inter-pregnancy intervals should be extended. Krzyżewski et al. (2004) and Miciński (2009) support this solution. According to those authors, longer inter-pregnancy intervals contribute to improving the body condition and lifetime productivity of cows as well as to increasing milk production. The cited authors noted a lower incidence of mastitis and metabolic disorders in cows with longer inter-pregnancy intervals, compared to cows with shorter interpregnancy intervals. Success rates at first insemination were also highest in cows with the longest inter-pregnancy interval (120-150 days). Krzyżewski et al. (2004) reported that cows that become pregnant within 60 days postpartum are characterized by a lower milk yield, both in the current and successive lactations. According to the above authors, the optimal length of the interpregnancy interval is 110-130 days. Table 2 presents the average daily locomotor activity of cows during the perioestrous period in successive lactations. Cows exhibited greater physical activity in the first and second lactation, compared with the third and fourth lactation. The average activity of cows, calculated for all lactation on the day of oestrus, was 394±135 steps per hour. The average number of steps taken per hour by a cow during the five days before and the five days after oestrus was at a stable level of 129 to 130.
The above indicates that the walking activity of cows increased three-fold on the day of oestrus, compared with the perioestrous period. The highest activity at oestrus (478 steps per hour) was observed in the first lactation. Table 3 shows the average daily locomotor activity at oestrus and during five days before and five days after oestrus in successive lactations. There was a significant difference in activity on the day of oestrus and on each of the days of the pre-oestrus and post-oestrus stage. Increased activity was also observed on the last day before oestrus and on the first day after oestrus (day 1 in Table 3 ). The walking activity of cows recorded on the day preceding oestrus was 162 steps, and it was higher (by 37 steps) than on day 2 preoestrus. No signs of approaching oestrus were observed on 3 to 5 days pre-oestrus.
The same trend was noted on the five consecutive days post-oestrus. The number of steps taken by hour by a cow on the first day after oestrus was 158, and it was higher (by 32 steps) than on the second day after oestrus (126) and on successive days.
In an experiment conducted by , 75% of cows in heat were characterized by increased locomotor activity. During five consecutive days post-oestrus the activity levels of cows were comparable with those noted before the onset of oestrus. Also Kiddy (1977) observed a three-fold higher walking activity of cows at oestrus, in comparison with the days preceding oestrus. The age of cows and weather conditions had no influence on the physical activity of cows.
Daily milk yield records are also used to predict oestrus in computerized dairy management systems. As shown in Tables 4 and 5 , there is a correlation between daily milk yield and the walking activity of cows. Tables 4 and 5 present daily milk yield in the perioestrous period during successive lactations. Milk production declined at oestrus. The average decrease in milk yield on the day of oestrus was lower in the first and second lactation, compared with the third and fourth lactation. According to Kuczaj (2007) , the above results from the fact that lactation is a heavier burden for older cows than for primiparous cows. The cited author noted a decrease in milk production at oestrus, by 2.5 kg in the first and second lactation and by 3.5 kg in the third and fourth lactation. Different results were reported by Olechnowicz et al. (2002) who found that the length of successive lactations had no effect on a decrease in milk yield on the day of oestrus. Fig. 1 illustrates changes in daily milk yield in the perioestrous period. It shows that the average daily milk production decreased gradually during pre-oestrus and increased post-oestrus. Daily milk yield declined at oestrus, compared with the average milk production levels determined five days before and five days after oestrus in each lactation.
In the tested cattle population, milk yield on day "0" (the day of the observed oestrus) was 27.8 kg, and it was lower than on day 5 and 4 before oestrus (29.5 kg and 28.5 kg milk, respectively). Milk production on days 2 and 1 before oestrus reached 30.4 kg and 28.9 kg, respectively. Milk yield increased post-oestrus, from 28.5 kg on day 1 to 28.9 kg on day 2 and 30.3 kg on day 4. Our results are consistent with the findings of Kuczaj (2007) who analyzed changes in daily milk yield at oestrus and on three days before and three days after oestrus. The author demonstrated that milk yield decreased at oestrus by around 2.9 kg (11.9%), which could help identify cows in heat and thus in making insemination decisions. Winnicki et al. (2002) demonstrated that in a herd of dairy cows characterized by an average daily milk yield of approximately 30 kg, milk production decreased by 5% at oestrus, regardless of lactation number and stage. Nałęcz-Tarwacka et al. (2002) reported a decline in milk production in cows showing signs of oestrus.
From the perspective of economic profitability, cows should continue to be productive for 6 to 7 lactations. This contributes to minimizing the costs incurred in the non-production period, and enables the producer to choose the best replacement heifers from among a larger number of calves born, and to sell the remaining animals (Oprządek and Oprządek 2006) . In Western Europe Friesian cows remain productive for 2.5 to 5 lactations on average. In Austria, in 1965 Austria, in -1982 the number of cows of various breeds in their fourth and successive lactations decreased by 6-11%. A similar trend can be observed in the USA where the productive life of dairy cows is limited to 3.1-3.5 lactations, depending on breed. Also the length of the productive life of dairy cows with a high proportion of HF genes has decreased in Poland (Juszczak et al. 1994 ).
The AfiFarm system was found to be an effective tool for dairy farming and herd management. The module enables comprehensive herd management and monitoring, including regular analysis of milking efficiency and locomotor behavior, as well as breeding control. In the present experiment, a correlation was noted between high milk yield and the reproductive performance of cows. An increase in milk yield was accompanied by extended inter-pregnancy and inter-calving intervals and a drop in the insemination index. The insemination index tended to decrease also in multiparous cows. Primiparous and highestyielding cows were characterized by the highest levels of locomotor activity. The physical activity of cows increased by around 67% during oestrus. However, daily milk yield declined at oestrus, compared with the average milk production levels determined five days before and five days after oestrus in each lactation.
In conclusion, the installation of pedometers supported the detection of oestrus, including silent oestrus, in dairy cows. Computerized herd management systems have become a necessity, particularly in free-stall-housed large dairy herds.
